# 



- 59 - 



WHAT IS CLAIMED IS: 



A semiconductor device comprising: 
a Semiconductor layer; 

a fiNrst insulating film formed on said 
semiconductor layer ; 

a f irst Nelectrode layer formed on said first 
insulating lay* 

an element Isolating region comprising an element 
isolating insulatiruj film formed to extend through said 
first electrode layeir and said first insulating film to 
reach an inner region ts>f said semiconductor layer, said 
element isolating region\isolating an element region 
and being self -aligned with said first electrode layer; 

a second insulating filfc formed on said first 
electrode layer and said eleme\t isolating region, an 
open portion exposing a surface b£ said first electrode 
layer being formed in said second insulating film; and 

a second electrode layer formedNpn said second 
insulating film and said exposed surface of said first 
electrode layer, said second electrode layer being 
electrically connected to said first electrode layer 
via said o pen port ion. 
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2. A semiconductor device comprising: 
a semiconductor layer; 
a first insulating film formed on said 
semiconductor l/ayer ; 

a first electrode layer formed on said first 
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insulating lay^r ; 

an element isolating region comprising an element 
isolating insulating film formed to extend through said 
first electrode layer and said first insulating film to 
reach an inner region of the semiconductor layer, said 
element isolating region isolating an element region 
and being self-aligned with said first electrode layer; 

a second insulating film formed on said first 
electrode laArer and said element isolating region, an 
open portion exposing a surface of said first electrode 
layer being/ formed in said second insulating film; 

a second electrode layer formed on said second 
insulating/ film; and 

a third electrode layer formed on said second 
electrode/ layer and said exposed surface of said first 
electrode layer, said third electrode layer being 
electrically connected to said first electrode layer 
via sai^f open portion. 

3/ The semiconductor device according to claim 1, 
wherein sai3^firsi_and second electrodes comprise a 
gate electrode of a selectiv^^-raji^is^r included in a 

NAND type .flash memory. 

4. /The semiconductor device according to claim 2, 
wherein da±d first, second and third electrodes 
comprise a gate electrode of a selective transistor 
included in a NAND type flash memory. 



Tho. CAmi-mnHnnfnr H^n" n& arr nrHi nq tO claim 1, _ 
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which is a semiconductor device in a memory cell array 
region , ^comprising : 

saidXsemiconductor layer ; 

said fsirst insulating film formed on said 
semiconductor layer; 

said firste electrode layer formed on said first 
insulating layers; 

said elements isolating region comprising 
an element isolating insulating film formed to extend 
through said first electrode layer and said first 
insulating film to reatah an inner region of said 
semiconductor layer, sard element isolating region 
isolating an element region and being self-aligned with 
said first electrode layer; 

said second insulating fa>J_m formed on said first 
electrode layer and said elements isolating region; and 

said second electrode layer farmed on said second 
insulating film; 

wherein a surface of said elements isolating region 
of said memory cell array region is arranged below a 
surface of said first electrode layer. 

6. The semiconductor device according to claim 2, 
which is a semiconductor device in a memory cell array 
region, comprising: 

said semiconductor layer; 

said/first insulating film formed on said 
semiconductor layer ; 
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said first electrodes layer formed on said first 
insulating layer; / 

said element isolating region comprising an 
element isolating insulating film formed to extend 
through said first elec/trode layer and said first 
insulating film to reach an inner region of said 
semiconductor layer , ysaid element isolating region 
isolating an element/ region and being self-aligned with 
said first electrode layer; 

said second insulating film formed on said first 
electrode layer and said element isolating region; 

said second/electrode layer formed on said second 
insulating film/ and 

said third electrode layer formed on said second 
electrode layer; 

wherein /a surface of said element isolating region 
of said memoAry cell array region is arranged below a 
surface of said first electrode layer. 

7. TMe semiconductor device according to claim 5, 
wherein safid first electrode layer performs a function 
of a floating gate and said second electrode layer 
performs /a function of a control gate in said memory 
cell arnay region. 

8 J The semiconductor device according to claim 6, 
whereiJn said first electrode layer performs a function 
of a fliloating gate and said second and third electrode 
layeprs perform a function of a control gate in said 



X 



memory cell array 

9 . The semicor 



wherein said first ajnd second electrode layers comprise 



a gate electrode in 
around a memory eel] 
10. The semicor 
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ductor device according to claim 1, 



a peripheral circuit region formed 

array region, 
ductor device according to claim 1, 
wherein said first And second electrode layers comprise 
a gate electrode ini a peripheral circuit region formed 
around a memory cel'l array region, and said second 
insulating film of/ said peripheral circuit region being 
removed completely. 

11. The semiconductor device according to claim 1, 
further comprising a connecting member arranged above 
said element isolating region and electrically 
connected to sai'd second electrode layer. 

12. The semiconductor device according to claim 2, 
further comprising a connecting member arranged above 
said element isolating region and electrically 
connected to said third electrode layer. 

13. The semiconductor device according to claim 1, 
further comprising a connection member arranged above 
said element/ region in which said second insulating 
film is present and electrically connected to said 
second electrode layer. 

14. Uhe semiconductor device according to claim 1, 
further comprising a wiring electrically connected to 
said second electrode layer via a connecting member, 
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wherein said wiring and said first electrode layer are 
connected to each other via said second electrode layer 
extending from said elemerYt region onto said element 
isolating region* 

15. The semiconductor device according to claim 2, 
further comprising a wiring electrically connected to 
said third electrode layer via a connecting member, 
wherein said wiring and /said first electrode layer are 
connected to each other/ via said third electrode layer 
extending from said element region onto said element 
isolating region. 

16. The semiconductor device according to claim 1, 
which is a semiconductor device in which said first and 
second electrode layers form a gate electrode, and a 
plurality of said gate electrodes are arranged on a 
chip, wherein widths of said open portions of said gate 
electrodes are equal to each other. 

17. The semiconductor device according to claim 2, 
which is a semiconductor device in which said first, 
second and third electrode layers form a gate 
electrode, and/ a plurality of said gate electrodes are 
arranged on a/chip, wherein widths of said open 
portions of ^aid gate electrodes are equal to each 
other . 

18. Thfe semiconductor device according to claim 1, 
which is aj semiconductor device in which said first and 
second electrode layers form a gate electrode, wherein 
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a plurality of said open portions are formed within 
said gate electrodes and the widths of said open 
portions are equal to each other. 

19. The semiconductor device according to claim 2, 
which is a semiconductor /device in which said first, 
second and third electrode layers form a gate 
electrode, wherein a plurality of said open portions 
are formed within said gate electrodes and the widths 
of said open portions jre equal to each other. 

20. The semiconductor device according to 
claim 18, wherein sai<£ open portions are formed to 
cross each other. 

21. The semiconductor device according to 
claim 19, wherein sjiid open portions are formed to 
cross each other. 

22. The semiconductor device according to 
claim 18, wherein the distances between the adjacent 
open portions are equal to each other. 

23. The semiconductor device according to 
claim 19, wheyein the distances between the adjacent 
open portions are equal to each other. 

24. The semiconductor device according to claim 1, 
which is a /semiconductor device comprising a plurality 
of selective transistors formed said first and second 
electrod^ layers in a NAND type flash memory, and a 
peripheral circuit transistor formed said first and 
second electrode layers, 
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said second insulating film of said plural 
selective transistors includes said open portion, and 
said second insulating film of said peripheral circuit 
transistor includes a plurality of said open portions, 
and a first distance between the adjacent open portions 
of said plural selective transistors is equal to a 
second distance between the adjacent open portions 
within a gate elecitrode of said peripheral circuit 



M3 

transistor. 

iil 

Cl 10 25. The semi/conductor device according to claim 2, 

*!? 

03 which is a semiconductor device comprising a plurality 

m I 

s of selective transistors formed said first, second and 

C3 / 

y3 third electrode? layers in a NAND type flash memory, and 

Ll a peripheral circuit transistor formed said first, 



15 second and third electrode layers, 

said sejond insulating film of said plural 
selective transistors includes said open portion, and 
said second /insulating film of said peripheral circuit 
transistor includes a plurality of said open portions, 

2 0 and a first distance between the adjacent open portions 

of said pliiral selective transistors is equal to 
a second distance between the adjacent open portions 
within a /gate electrode of said peripheral circuit 
transisl/or. 

2 5 26 J The semiconductor device according to 

claim £4, wherein said second distance is defined on 
a basis of said first distance. 



27. The semiconductor device according to 
claim 25, wherein said second distance is defined on 
a basis of said firs- distance. 

28. The semicon luctor device according to claim 1, 
which is a semiconductor device in which a gate 
electrode is formed lof said first and second electrode 
layers, and said open portion is formed in said gate 
electrode, wherein /said open portion extends from above 
said element region onto said element isolating region 
in a direction of /a channel width of said gate 
electrode. 

29. The semiconductor device according to claim 2, 
which is a semiconductor device in which a gate 
electrode is formed of said first, second and third 
electrode layejrs, and said open portion is formed in 
said gate electrode, wherein said open portion extends 
from above said element region onto said element 
isolating region in a direction of a channel width of 
said gate electrode. 

30. £he semiconductor device according to claim 1, 
wherein d thickness of said second electrode layer when 
deposited is at least half a width of said open 
portiojl. 

3J. The semiconductor device according to claim 2, 
wherein a thickness of said third electrode layer when 
deposited is at least half a width of said open 
portion. 
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The semiconductor device according to claim 1, 
wherein an eTrectric resistance of said second electrode 
layer is lower tha^i>l\at^of said first electrode layer, 
and said second electrode l-ayer comprises of a metal 
layer including a high melting^p^int or a lamination 
layer film comprising a metal silicide^tayer including 

a high melting point and a polysilicon lay^r^^ 

33. The semiconductor device according to claim 2, 
wherein an electric resistance of said second and third 
electrode layers is each lower than that of said first 
electrode layer, and said second and third electrode 
layers comprise of a metal layer including a high 
melting point or a lamination layer film comprising a 
metal ssilicide layer including a high melting point and 
a powsilicon layer. 



34. The semiconductor device according to claim l f 
where iri^s*aid^s^cond insulating film comprises of a 
complex insulating f ilm incTudiiijg^a silicon nitride 
film. 



35. /The semiconductor device according to claim 2, 
whereof said second insulating film comprises of a 
Comdex insulating film including a silicon nitride 

f i; 



Urn, 



36. The semiconductor device according to claim 1, 
which Ts^--s^miconductor device in which a gate 
electrode is formed ofs3"rd—f,irst and second electrode 
layers, wherein said second insult remains at 
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37. The semiconductor flevice according to claim 2, 
which is a semiconductor device in which a gate 
electrode is formed of saip first, second and third 
electrode layers, wherein /said second insulating film 
remains at an edge potion/ of said gate electrode. 

38, A semiconductor /device, which is a NAND type 
flash memory comprising ia memory cell array region 
provided a memory transistor including a first 
electrode layer performing a function of a floating 
gate and a second electrode layer performing a function 
of a control gate, and a selective gate region provided 
a selective transistor formed adjacent to said memory 
cell array region, and a peripheral circuit region 
arranged around sai/a memory cell array region, said 
NAND type flash memory comprising: 

a semiconductor layer common with said memory cell 
array region, said selective gate region and said 
peripheral circuit region; 

a first Insulating film formed on said 
semiconductor layer, said first insulating film being 
formed commpnly with said memory cell array region, 
said selec/ive gate region and said peripheral circuit 
region; 

a f/Lrst electrode layer formed on said first 
insulalAng film commonly with said memory cell array 
regiojr, said selective gate region and said peripheral 



circuitV region; 

an \element isolating region comprising an element 
isolating insulating film extending through said first 
electrode! layer and said first insulating layer to 
reach an ilnner region of said semiconductor layer, said 
electrode isolating region being formed in each of said 
memory celi array region, said selective gate region 
and said peripheral circuit region, and said electrode 
isolating region isolating an element region and being 
self-alignea with said first electrode layer; 

a second insulating film formed on said first 
electrode ljyer and said element isolating region 
commonly with said memory cell array region, said 
selective gate region and said peripheral circuit 
region, saidl second insulating film in said selective 
gate region and said peripheral circuit region 



including an 
first electro 



open portion exposing a surface of said 
de layer; and 



a second electrode layer formed on said second 

I 

insulating film and said exposed surface of said first 
electrode layer, said second electrode layer being 
formed commonly with said memory cell array region, 
said selective gate region and said peripheral circuit 
region and hieing electrically connected to said first 
electrode layer via said open portion. 

39. A semiconductor device, which is a NAND type 
flash memoijy comprising a memory cell array region 



"7 

provided a memory transistor including a first 
electrode layer performing a function of a floating 
gate and a second electrode layer performing a function 
of a control gate, and a selective gate region provided 
5 a selective transistor formed adjacent to said memory 

/ 

cell array region, and a peripheral circuit region 
C3 ^ arranged around said memory cell array region, said 

* fft / 

'41 L/S NAND type flash memory comprising: 

m 

£p a semiconductor layer common with said memory cell 

42 I 

frj 10 array region, said selective gate region and said 

i?or 



peripheral circuit regifon; 



111 

5 

P 

,n a first insulating film formed on said 

ru // 

*l semiconductor layer, /said first insulating film being 

H / 

: l T formed commonly with said memory cell array region, 

15 said selective gat,e region and said peripheral circuit 

region; 

a first elefctrode layer formed on said first 
insulating filn/ commonly with said memory cell array 
region, said selective gate region and said peripheral 

2 0 circuit region; 

an element isolating region comprising an element 
isolating insulating film extending through said first 
electrode/ layer and said first insulating layer to 
reach anf inner region of said semiconductor layer, said 

25 element/ isolating region being formed in each of said 

memory cell array region, said selective gate region 
and /aid peripheral circuit region, and said element 



isolating region isolating an element region and being 
self-aligned with said first electrode layer; 

a second insulating? film formed on said first 
electrode layer and said element isolating region 
commonly with said memory cell array region, said 
selective gate region and said peripheral circuit 
region, said second insulating film in said selective 
gate region including la open portion exposing between a 
surface of said first/ electrode and partly a surface of 
said element isolating region formed adjacent to said 
first electrode layer; and 

a second electsrode layer formed on said second 
insulating film ana said exposed surface of said first 
electrode layer commonly with said memory cell array 
region, said selective gate region and said peripheral 
circuit region, /said second electrode layer being 
electrically connected to said first electrode layer 
via said open portion. 

40. A method of manufacturing a semiconductor 
device in a selective gate region provided a selective 
gate transistor formed adjacent to a memory cell array 
region , comprising: 

formiiyg a first insulating film on a semiconductor 
layer; 

forming a first electrode layer on said first 
insulating film; 

forming an element isolating region comprising an 



element isolating insulating film extending through 
said first electrode layer and said first insulating 
film to reach an inneij region of said semiconductor 
layer, said element isolating region isolating an 
element region; 

forming a second insulating film on said element 
isolating region and said first electrode layer; 

forming an open portion within said second 
insulating film tq expose a surface of the first 
electrode layer; 

forming a second electrode layer on said second 
insulating film /and said exposed surface of said first 
electrode layer/; and 

selectively removing said first electrode layer, 
said second insulating film and said second electrode 
layer to form a gate electrode. 

41. A method of manufacturing a semiconductor 
device in a /selective gate region provided a selective 
gate transistor formed adjacent to a memory cell array 
region, comprising: 

fornp-ng a first insulating film on a semiconductor 
layer; 

forming a first electrode layer on said first 
insulat/ing film; 

fprming an element isolating region comprising an 
element isolating insulating film extending through 
said /first electrode layer and said first insulating 
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film to reach an inner fregion of said semiconductor 
layer, said element isolating region isolating an 
element region; 

forming a second |insulating film on said element 
isolating region and said first electrode layer; 

forming a Seconal electrode layer on said second 
insulating film; 

forming an opeft portion within said second 
insulating film to /expose a surface of said first 
electrode layer; 

forming a thS.rd electrode layer on said second 
electrode layer And said exposed surface of said first 
electrode layei^; and 

selective/ly removing said first electrode layer, 
said second insulating film, said second electrode 
layer and sai/a third electrode layer to form a gate 
electrode . 

42. A rfethod of manufacturing a semiconductor 
device in a/ selective gate region provided a selective 
gate transistor formed adjacent to a memory cell array 
region, comprising: 

forn/ing a first insulating film on a semiconductor 
layer; 

fofming a first electrode layer on said first 
insulating film; 

/orming an element isolating region comprising an 
element isolating insulating film extending through 



ft 
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said first electrode /layer and said first insulating 
film to reach an innjer region of said semiconductor 
layer, said element /isolating region isolating an 
element region; 

forming a secdnd insulating film on said element 
isolating region and said first electrode layer; 

forming a second electrode layer on said second 



yi insulating film; 

yi| forming a f j/rst mask layer on said second 

10 electrode layer; 

pi 

m forming a droove comprising a pair of mutually 

55 / 

facing side surpces in said first mask layer, said 

groove being formed to expose partly a surface of said 

second electrode layer; 

15 forming /a side wall comprising a second mask layer 

on said exposed side surface of said groove; 

selectively removing said second electrode layer 

and said second insulating film by using said first and 

second masfk layers to form an open portion exposing a 

20 surface ak said first electrode layer; 

removing said first and second mask layers; 

forming a third electrode layer on said second 

electjrade layer and said exposed surface of said first 

electrode layer; and 

25 / selectively removing said first electrode layer, 

said second insulating film, said second electrode 

lyer and said third electrode layer to form a gate 



electrode . 

43.1 The method of manufacturing a semiconductor 
device according to claim 40 , wherein said second 
insulating film remains at an edge potion of said gate 
electrode when formed said gate electrode. 

44. iThe method of manufacturing a semiconductor 
device according to claim 41, wherein said second 
insulating film remains at an edge potion of said gate 
electrode when formed said gate electrode. 

45. The method of manufacturing a semiconductor 
device according to claim 42 f wherein said second 
insulating ©ilm remains at an edge potion of said gate' 
electrode when formed said gate electrode. 

46. The Wethod of manufacturing a semiconductor 
device according to claim 40, further comprising 
removing an upper portion of said element isolating 
insulating film after formation of said element 
isolating region to position said removed upper portion 
of said element |isolating insulating film below a 
surface of said kfirst electrode layer. 

47. The method of manufacturing a semiconductor 
device according |to claim 41, further comprising 
removing an upper! portion of said element isolating 
insulating film after formation of said element 
isolating region 4o position said removed upper portion 
of said element isolating insulating film below a 
surface of said filst electrode layer. 



48. The method of manufacturing a semiconductor 
device according to claim 42 , further comprising 
removing an upper portion ybf said element isolating 
insulating film after formation of said element 
isolating region to position said removed upper portion 
of said element isolating insulating film below a 
surface of said first electrode layer. 

49. The method of manufacturing a semiconductor 
device according to claim 40, further comprising 
forming a connecting member electrically connected to 
said second electrode layer, said connecting member 
being formed above said element isolating region. 
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The method of manufacturing a semiconductor 



device according to claim 41, further comprising 
forming a connecting member electrically connected to 
said third electrode layer, said connecting member 
being formed Above said element isolating region. 

51. The' method of manufacturing a semiconductor 
device according to claim 42, further comprising 
forming a/connecting member electrically connected to 
said third electrode layer, said connecting member 
being £prmed above said element isolating region. 

52/ The method of manufacturing a semiconductor 
devicii according to claim 40, further comprising 
forming a connecting member electrically connected to 
said second electrode layer, said connecting member 
being formed above said element region in which said 



second insulating film is prepent. 

53* The method of manufacturing a semiconductor 
device according to claim 41/, further comprising 
forming a connecting member /electrically connected to 
said third electrode layer J said connecting member 
being formed above said element region in which said 
second insulating film is present. 

54. The method of manufacturing a semiconductor 
device according to claim 42, further comprising 
forming a connecting member electrically connected to 
said third electrode layer, said connecting member 
being formed above said element region in which said 
second insulating filmf is present, 

55. The method of manufacturing a semiconductor 
device according to claim 40, wherein said second 
electrode layer is formed in a thickness that is at 
least half a width /of said open portion. 

56. The method of manufacturing a semiconductor 
device according /to claim 41, wherein said third 
electrode layer /is formed in a thickness that is at 
least half a wifdth of said open portion. 

57. The method of manufacturing a semiconductor 
device according to claim 42, wherein said third 
electrode layer is formed in a thickness that is at 
least half /a width of said open portion. 

58. The method of manufacturing a semiconductor 
device according to claim 40, wherein a surface of said 



second electr :>de layer is planarized after formation of 
said second efLectrode layer, 

59. The fmethod of manufacturing a semiconductor 
device according to claim 41 , wherein a surface of said 
third electrode layer is planarized after formation of 
said third electrode layer. 

60. The method of manufacturing a semiconductor 
device according to claim 42 , wherein a surface of said 
third electrode layer is planarized after formation of 
said thd/rd electrode layer. 



